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Figure 1. The Translocational Scheme Proposed by Bar-Nahum et al. (2005)
Different translocational and conformational states are in rapid equilibrium, but ejection steps are improbably reversible on the timescale of
bond formation, while reversal of backtracking is slower than catalysis (RNA is yellow; DNA is red; F helix is green).
the positional equilibrium of the enzyme, the effective
concentration of reactants in the active site varies over
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straight equilibrium to either enhance or mitigate the
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antagonist can induce an ectopic head (Yamamoto et
al., 2005). Thus, Shisa behaves like Wnt antagonists.
Indeed, Shisa inhibits gene activation induced byXwnt8,
but not by cytoplasmic components of Wnt signaling
(Yamamoto et al., 2005). Given its expression pattern,
secretion, and activity, Shisa seemed destined to be-
come another culprit on the long list of organizer’s se-
creted antagonists.
But the story took a twist because Shisa is also found
in the ER when expressed in mammalian and Xenopus
cells (Yamamoto et al., 2005). Wnt signaling requires
two distinct receptors, a serpentine Fz and a single-
span transmembrane Lrp6 (or Lrp5) (Logan and Nusse,
2004). Strikingly, in a paracrine signaling assay, coex-
pression of Shisa inWnt-producing cells does not affect
the Wnt responsiveness in neighboring cells that ex-
press Fz8 and Lrp6, indicating that secreted Shisa is
unable to inhibit Wnt-Fz8-Lrp6 interaction. By contrast,
coexpression of Shisa with Fz8 and Lrp6 in responding
cells suppresses the Wnt response (Yamamoto et al.,
2005). Thus, Shisa antagonizes Wnt signaling from
within the responding cells. Further, Wnt binds to Fz8-
expressing cells regardless of secreted Shisa; however,
Wnt fails to bind to cells coexpressing Fz8 plus Shisa
(Yamamoto et al., 2005). Importantly, immunostaining
shows that Fz8 cell surface expression is abolished
when Shisa is coexpressed, where it is found to colocal-
ize with Fz8 in the ER (Yamamoto et al., 2005). Thus,
Shisa traps Fz in the ER, preventing Fz from reaching the
plasma membrane. Consistently, when an ER retention
signal KDEL is added to Shisa, the resulting Shisa-KDEL
is not secreted but functions indistinguishably from
Shisa in retaining Fz8 in the ER and antagonizing Wnt
Figure 1. Midline Sagittal Sections of Shisa Expression (Dotted Re-signaling (Yamamoto et al., 2005).
gion) in the Spemann-Mangold Organizer and Anterior Mesoderm/
In parallel experiments, Yamamoto et al. (2005) show Endomesoderm and Anterior Neuroectoderm
that Fz proteins (Fz7 and Fz8) in cell extracts appear D, dorsal; V, ventral; A, anterior; P, posterior. Top: early gastrula
as two species in immunoblots. The slower-migrating/ stage. Ectoderm (green), dorsal mesoderm (darker and light blue),
smeary band is glycosylated, can be labeled by surface ventral mesoderm (purple), and endoderm (yellow) are colored. The
organizer is located at the dorsalmarginal region. Shisa is expressedbiotinylation, and thus represents matured receptors on
in leading edge cells (future anterior endoderm) and deep cellsthe surface, while the faster-migrating one likely repre-
(darker blue, future anterior mesoderm), but not (or little) in the futuresents unprocessed Fz in the ER (Yamamoto et al., 2005).
axial mesoderm region (light blue) of the organizer. Arrows indicateShisa overexpression at low levels causes the disap-
the direction of gastrulationmovements. Bottom:Midgastrula stage.
pearance of the glycosylated Fz and at higher levels The color scheme is as in top, except that neural ectoderm is in
the disappearance of both Fz bands (Yamamoto et al., red (anterior neuroectoderm [ANE] in darker red whereas posterior
2005). Shisa also associates preferentially with the un- neuroectoderm in light red). Shisa is expressed in ANE and anterior
mesoderm and endomesoderm (AME).processed Fz form in coimmunoprecipitations. Thus,
Shisa retains Fz in the ER and prevents Fz maturation,
leading to accumulation of unfolded Fz and its degra-
posteriorizing activity, thus Shisa’s ability to antagonizedation.
FGF signaling may also be employed in anterior pat-Is Shisa required for head formation? The answer is
terning; however, FGF signaling is also required for neu-yes. An antisense morpholino oligonucleotide (MO)
ral induction (Harland, 2000). Perhaps Shisa modulatesagainst Shisa, which inhibits Shisa protein synthesis,
the threshold of FGF signaling, allowing neural inductionsuppresses anterior neural marker expression and head
while preventing posteriorization.structures in embryos, and these phenotypes can be
Most studies have emphasized the role of the orga-rescued by supplying additional Shisa mRNA (Yama-
nizer in neural induction/patterning, and neuroectodermmoto et al., 2005). Furthermore, Shisa MO results in
has usually been regarded as being simply responsiveincreased Fz cell surface expression and sensitized Fz
to the organizer. The requirement of Shisa in anteriorsignaling (Yamamoto et al., 2005).
neuroectoderm underscores the active role neuroecto-This elegant story is in fact slightly more complicated.
derm has in the induction/patterning process, a notionShisa neither binds to nor affects Lrp6 cell surface ex-
that echoes the observation that Chordin and Nogginpression, nor does it antagonizeBMPorNodal signaling,
expression in dorsal blastula ectoderm is important forthus attesting its selectivity; however, Shisa does inhibit
anterior brain development (Kuroda et al., 2004). Of note,FGF signaling via binding and trapping FGFR in the ER
(Yamamoto et al., 2005). FGF has been known for its Chordin is able to stimulate Shisa expression (Yama-
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Logan, C.Y., and Nusse, R. (2004). Annu. Rev. Cell Dev. Biol. 20,moto et al., 2005), suggesting crosstalk between distinct
781–810.signalingmodulators and apotential mechanism for Shi-
Niehrs, C. (2004). Nature Rev. Genet. 5, 425–434.sa’s anterior expression. Shisa’s role in anterior meso-
Semenov, M., and He, X. (2003). M. Kuhl, ed. (Georgetown, Texas:derm/endomesoderm (Figure 1) remains unclear. Shisa
Landes Biosciences), pp. 16–35.MO suppresses the expression of otx2 in the anterior
Yamamoto, A., Nagano, T., Takehara, S., Hibi, M., and Aizawa, S.neuroectoderm, but not anterior endomesoderm (Yama-
(2005). Cell, 120, this issue, 223–235.moto et al., 2005), suggesting that in endomesoderm/
mesoderm patterning Shisa may function redundantly DOI 10.1016/j.cell.2005.01.006
with secreted Wnt antagonists or downstream of/paral-
lel to otx2.
The precise mechanism underlying Shisa’s action re-
mains unknown. Does Shisa mostly reside in the ER
(and only become secreted when overexpressed)? How
is Shisa retained in the ER, as it lacks an ER retention
signal such as KDEL? Is Shisa a transmembrane protein
since it has a conserved internal hydrophobic region?
The specificity of Shisa, includingwhether Shisa antago-
nizes all Fz and FGFRs, andwhether it acts on additional
transmembrane proteins, remains to be examined. The
most fascinating question, however, is howShisa retains
Fz and FGFR in the ER.Within the ER lumen, Fz exposes
a cysteine-rich segment and three short extracellular
loops, whereas FGFR exhibits three immunoglobulin-
like segments. Although Shisa associates with Fz and
FGFR, it is unclear how Shisa binds to these unrelated
sequences and whether these bindings are direct. Fz
and FGFR folding/maturation likely require specific
chaperones for quality control (Ellgaard and Helenius,
2003), much like the case for Lrp6 (which requires a
chaperone Mesd/Boca; Herz andMarschang, 2002) and
other serpentine receptors. Shisa may act as an “anti-
chaperone,” inhibiting specific chaperones’ activities or
preventing their access to the receptors or actively un-
fold or misfold these receptors. Shisa may also block
the ER exit to Golgi for or promote ER associated degra-
dation of Fz and FGFR. As Fz4 mutations that cause
ER retention are associated with hereditary disorders
(Kaykas et al., 2004) andderegulationofWnt/FGFsignal-
ing causes cancer/diseases, Shisa may have roles in
pathogenesis. Yamamoto et al. (2005) have uncovered
a new route for regulation of Wnt and FGF signaling and
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